Xylan, the most abundant of the hemicelluloses containing heteropolysaccharides, consists of a backbone of b-1,4-linked xylopyranose residues with substitutions of O-acetyl, arabinosyl and methylglucuronosyl (Chang et al., 2004; Rawashdeh et al., 2005) . The complete hydrolysis of xylan requires the combined action of various enzymes such as endoxylanase and several accessory enzymes to hydrolyze substituted xylan. The endoxylanase attacks internal xylosidic linkages on the backbone and the b-xylosidase releases xylosyl residues by endwise attack of xylooligosaccharide (Wong et al., 1988) . Many microorganisms including bacteria, yeasts and fungi are known to produce different type of xylanases and the nature of the enzymes varies among different organisms. Among xylan degrading bacteria, the strains of Aeromonas, Bacillus, Bacteroides, Cellulomonas, Microbacterium, Paenibacillus, Ruminococcus and Streptomyces have been reported (Rapp and Wagner, 1986) . This work deals with the screening and identification of xylanase-producing bacteria isolated from Thai soils based on their phenotypic and chemotaxonomic characteristics, including DNA-DNA similarity and 16S rRNA gene sequence similarity.
A total of 28 soil samples were collected from Viengsa and Muang districts, Nan Province, Thailand and were isolated for xylanase producing bacteria by an enrichment culture method. The soil sample (0.1 g) was put into 10 ml of XC broth in a 25ϫ250 mm test tube and incubated on a rotary shaker at 200 rpm at 40°C for 2 days. The XC medium contained 10 g oat spelt xylan, 5 g peptone, 1 g yeast extract, 4 g K 2 HPO 4 , 1 g MgSO 4 · 7H 2 O, 0.2 g KCl, 0.02 g FeSO 4 · 7H 2 O and 1,000 ml distilled water and was adjusted pH to 7.0. One milliliter of the culture was transferred to fresh XC broth and incubated as mentioned above. The cultures were repeated to cultivate in fresh XC broth one more time. The diluted enriched cultures (0.1 ml) were dropped and spreaded on the XC agar plate and incubated at 40°C for 2 days. Their colonies grown on XC agar plate were flooded with 0.1% (w/v) Congo red solution and kept for 1 min, then were washed by 0.1 M NaCl (Teather and Wood, 1982) . The colonies surrounded by a clearance zone were selected as xylanase-producing isolates and they were purified on a C agar plate (in the XC medium of which oat spelt xylan was omitted).
Xylanase-producing isolates were inoculated into 10 ml of XC broth in a 25ϫ250 mm test tube and incubated on a rotary shaker at 200 rpm at 40°C for 2 days. Three milliliters of the cultures were transferred into 30 ml of XC broth in a 250 ml Erlenmeyer flask Screening and identification of xylanase-producing bacteria from Thai soils and incubated at 40°C for 2 days. Supernatant obtained after centrifugation of the culture broth at 4°C, 10,000 rpm for 15 min was used as crude enzyme. The xylanase activity was assayed as described by Nakajima et al. (1984) . A reaction mixture composed of 0.1 ml of 10 mg/ml oat spelt xylan in 100 mM sodium phosphate buffer pH 7.0, 0.8 ml of 100 mM sodium phosphate buffer pH 7.0 and 0.1 ml of crude enzyme were incubated at 40°C for 10 min. The reaction was stopped in boiling water for 10 min and put on ice immediately. The amount of reducing sugar released was quantified by the Somogyi and Nelson method (Somogyi, 1952 ) using xylose as authentic sugar. After the addition of the enzyme solution, the reactions were stopped immediately and used as a reaction blank. Protein concentration was analyzed by the Lowry method (Lowry et al., 1951) using bovine serum albumin as the standard protein. One unit of xylanase was defined as the amount of enzyme yielding 1 mmol of xylose within 1 min under the assay conditions. Among 31 isolates screened, a maximum xylanolytic activity with 2.8 cm in diameter of clear zone was exhibited. Twenty isolates of non spore-forming, Grampositive irregular rods produced 0-0.13 units/ml while 8 isolates of Gram-positive spore-forming rods; 2 isolates of Gram-negative rods; and 1 isolate of Grampositive rods/cocci produced 0-0.17 units/ml (Fig. 1, A  and B) .
All the selected isolates were examined for their cell shape and colonial appearance, spore formation, motility, and pigmentation after incubating at 37°C for 1 day. Catalase, oxidase, urease, hydrolysis of L-arginine, aesculin, casein, gelatin, starch, tyrosine, MR-VP, deoxyribonuclease (DNase), indole test, nitrate reduction, Simmon citrate test, Triple Sugar Iron agar (TSI), dihydroxyacetone from glycerol, and acid from carbohydrates were determined as described by Barrow and Feltham (1993) . Growth at different pHs (5, 6, 8 and 9) , in 3 and 5% NaCl and at different temperatures (10°C, 15°C, 20°C, 37°C, 45°C, 50°C, 55°C and 60°C) were performed. All tests were carried out by using C medium as a basal component and incubating the cultures at 37°C, except for the investigation of the effect of temperatures.
Diaminopimelic acid in the cell wall, and menaquinone and ubiquinone were determined as described by Komagata and Suzuki (1987) . DNAs were isolated from cells grown on a C agar plate for 18 to 48 h, and purified by the method of Saito and Miura (1963) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) . Photobiotin labelling DNA-DNA hybridization was determined in 2ϫ SSC (saline trisodium citrate) and 50% formamide solution at 39 or 52°C for 15 h (Ezaki et al., 1989) . The 16S rRNA gene of the isolate was amplifed, purified, and sequenced as described previously (Tanasupawat et al., 2004) . The sequences determined were aligned with the selected sequences obtained from the GenBank/EMBL/DDBJ database employing CLUSTAL_X version 1.81 (Thompson et al., 1997) . The alignment was manually edited to remove gaps and ambiguous nucleotides prior to construction of phylogenetic trees. The phylogenetic tree was constructed by using the neighbor-joining method (Saitou and Nei, 1987) in the MEGA program version 2.1 (Kumar et al., 2001) . The confidence values of branches of the phylogenetic tree were determined using bootstrap analyses (Felsenstein, 1985) based on 1,000 resamplings. The DDBJ accession number for the 16S rRNA gene sequences of strains MXC4-2-1, MXC4-6-2, MX1-2, MX2-1, MX3-2, MX12-2, MXC1-3, MXC3-4-2, S2-1, MX1-1, MX8-2, MXC3-9 and SF are AB271156, AB271131, AB271132, AB271133, AB271134, AB271135, AB271136, AB271137, AB271138, AB271139, AB271140, AB271141, and AB271142, respectively.
On the basis of their phenotypic and chemotaxonomic characteristics, DNA-DNA similarity and the phylogenetic analysis using 16S rRNA gene sequences, thirty-one isolates were divided into 7 different groups (Tables 1, 2 , 3 and 4, Figs. 2 and 3). Twenty isolates of non spore-forming, Gram-positive irregular rods in Group 1 were identified as Microbacterium Takeuchi and Hatano, 1998a) . Eight isolates of Gram-positive spore-forming rods in Groups 2, 3 and 4 were identified as Bacillus (Heyrman et al., 2004; Venkateswaran et al., 2003) . The Gram-negative rods of Group 5 was identified as Pseudoxanthomonas (Weon et al., 2006) and one in Group 6 was Cupriavidus (Vandamme and Coenye, 2004) . One Gram-positive rod/coccal isolate in Group 7 was identified as Rhodococcus (Yoon et al., 2000) . Group 1 contained 20 isolates. They were Grampositive, non spore-forming, motile rods measuring from 0.5 to 1.0 by 2.0-4.0 mm. Colonies were white to yellowish, low convex, opaque, and circular with entire margins. Catalase, VP, DNase, urease, hydrolysis of aesculin, L-arginine and starch were positive but negative for oxidase, MR, indole production, TSI, nitrate reduction, hydrolysis of gelatin and Tween 80. All grew in 3 and 5% NaCl, at pH 6-9 and at 15-45°C, and in anaerobic conditions but not at pH 5 or at 60°C (Tables 1 and 2). The variable characteristics and acid production from carbohydrates are shown in Tables 2  and 3 . The tested strains had no meso-diaminopimelic acid in the cell wall. MXC3-1 contained MK-11 (65.6%) and MK-12 (34.4%). MXC3-1 had 71.5 mol% of DNA GϩC content. MXC 4-2-1 (1,478 bp) and MXC4-6-2 (1,443 bp) showed 99.3 and 99.4% of 16S rRNA se- 2007 Xylanase-producing bacteria from Thai soils 59 Table 1 . Source location, Isolate no., Group, and identification.
District in Nan Province Isolate no. Group Identification (Fig. 2) . MXC3-1 showed a high degree of DNA-DNA similarity with M. barkeri JCM 1343 T , MXC 4-2-1, MXC4-6-2, and related strains over 72.4% (Table 4) . They were included in the same species and identified as M. barkeri Takeuchi and Hatano, 1998b; Wayne et al., 1987) .
Groups 2, 3 and 4 contained 8 isolates. They were Gram-positive, spore-forming, motile rod measuring from 0.8 to 2.0 by 2.0-11.0 mm. Colonies were cream or light brown, irregular, and opaque. VP was positive but negative for indole production, citrate utilization, TSI, dihydroxyacetone formation, hydrolysis of gelatin and L-tyrosine. No acid production from gluconate or Lsorbose. These strains grew at pH 7-9, and at 20-40°C, and in anaerobic conditions but not at pH 5-6, 10 or 60°C (Tables 2 and 3 ). The tested strains had meso-diaminopimelic acid in the cell wall and contained MK-7 as the major menaquinone. The DNA GϩC content was 36.6 and 37.2 mol% for MX1-2 and MX12-2 in Group 2 and 39.3 mol% for S2-1 in Group 3 and 37.3 mol% for MX1-1 in Group 4. MX1-2 (1,483 bp), MX2-1 (1,476 bp), MX3-2 (1,491 bp), MX12-2 (1,475 bp), MXC1-3 (1,463 bp) and MXC3-4-2 (1,474 bp) showed 99.6, 99.3, 99.5, 99.5, 99.8 and 99 .8% of 16S rRNA sequence similarity to Bacillus funiculus NAF001 T (Fig. 3) Numbers in parentheses indicate the number of strains showing the reaction. All grew in anaerobic conditions, at 20°C, pH 8.0 and 9.0, but did not grow at 60°C. None formed indole and H 2 S, or hydrolyzed gelatin. 5 related strains over 70.4% (Table 4) . Therefore, the 6 isolates in Group 2 were identified as B. funiculus (Ajithkumar et al., 2002; Wayne et al., 1987) . The strain S2-1 in Group 3 showed 99.4% of 16S rRNA sequence similarity to Bacillus niabensis 4T19 T as shown in Fig. 3 ; therefore it was identified as Bacillus niabensis 4T19
T . The strain MX1-1 in Group 4 showed 99.3% of 16S rRNA sequence similarity to Bacillus megaterium IAM13418
T as shown in Fig. 3 ; therefore, it was identified as Bacillus megaterium IAM13418 T (Suzuki and Yamasato,1994) . Group 5 contained 1 isolate, MX8-2. This isolate was Gram-negative, non spore-forming, motile rods measuring from 0.5 to 0.8 by 0.9-1.4 mm. Colonies were yellow orange, convex, and circular with entire margins. Oxidase, VP, urease, hydrolysis of aesculin and L-arginine was positive but negative for catalase, MR, DNase, indole production, citrate, TSI, nitrate reduction, dihydroxyacetone, hydrolysis of casein, gelatin, starch, L-tyrosine and Tween 80. This isolate grew in 3 and 5% NaCl, at pH 6-9, 15-50°C, and in anaerobic conditions but not at pH 5, 10 or at 55-60°C (Table 2) (Table 3) . It had no meso-diaminopimelic acid in the cell wall. Ubiquinone Q-8 was a major component. DNA GϩC contents of MX8-2 were 65.4 mol%. The isolate MX8-2 showed 99.6% of 16S rRNA sequence similarity to Pseudoxanthomonas suwonensis 4M1 T . Therefore, it was identified as Pseudoxanthomonas suwonensis (Weon et al., 2006) . Group 6 contained 1 isolate, MXC3-9. This isolate was Gram-negative, non spore-forming, motile rods measuring from 0.5 to 1.0 by 1.0-2.0 mm. Colonies were white, convex, and circular with entire margins. Catalase, oxidase, VP, DNase, urease, citrate, aesculin and L-arginine hydrolysis were positive but negative for MR, indole production, TSI, nitrate reduction, dihydroxyacetone, hydrolysis of casein, gelatin and starch. This isolate grew in 3% NaCl, at pH 5-9 and 15-50°C, and in anaerobic conditions but not at 10 or 55-60°C (Table 2) (Table 3) . It had no meso-diaminopimelic acid in the cell wall. Ubiquinone Q-8 was a major component. DNA GϩC contents of MXC3-9 were 71.4 mol%. The isolate MXC3-9 in Group 6 showed 99.0% of 16S rRNA sequence similarity to Cupriavidus gilardii LMG5886 T ; therefore, it was identified as C. gilardii (Coenye et al., 1999) .
Group 7 contained 1 isolate, SF. This isolate was 62 KINEGAM, TANASUPAWAT, and AKARACHARANYA Vol. 53 Ajithkumar et al., 2002 and Hatano, 1998a. Gram-positive, non-motile, non-spore-forming rods/ cocci measuring from 0.2 to 0.5 by 1.5-3.0 mm. Colonies were light orange, raised, circular, undulate and opaque. Catalase, DNase, urease, nitrate reduction, hydrolysis of L-arginine, L-tyrosine and Tween 80 were positive but negative for oxidase, MR, indole production, citrate, TSI, dihydroxyacetone, hydrolysis of casein, gelatin and starch. This isolate grew in 3 and 5% NaCl, pH 6-9, and at 15-45°C and in anaerobic conditions but not at pH 5, or at 50-60°C (Table 2) (Table 3 ). The tested isolate had meso-diaminopimelic acid in the cell wall and contained MK-8(H 2 ) as the major menaquinone. The DNA GϩC content of SF was 61.4 mol%. SF (1,490 bp) showed 99.6% of 16S rRNA sequence similarity to Rhodococcus rhodochrous DSM43241 T . Therefore, the isolate SF was identified as Rhodococcus rhodochrous (Yoon et al., 2000) .
Recently, the xylanase from the strains of Cellulomonas uda, Microbacterium ulmi, M. xylanilyticum, Bacillus amyloliquefaciens, B. firmus, B. thermoleovorans, B. flavothermus, B. pumilus, Bacillus sp., and Streptomyces sp. has been reported (Archana and Satyanarayana, 2003; Beg et al., 2001; Breccia et al., 1999; Chang et al., 2004; Duarte et al., 2000; Kim et al., 2005; Rapp and Wagner, 1986; Rawashdeh et al., 2005; Rivas et al., 2004; Sunna et al.,1997) . In this study, a lot of Microbacterium barkeri, Bacillus niabensis, B. funiculus, B. megaterium, Pseudoxanthomonas suwonensis, Cupriavidus gilardii, and Rhodococcus rhodochrous strains could produce xylanase as mentioned above. However, our isolated xylanase-producing bacteria were found to be diverse species in soil samples collected in Nan Province, Thailand. M. barkeri strain was found in soils collected in Viengsa dis- 2007 Xylanase-producing bacteria from Thai soils 63 Fig. 2 . Phylogenetic relationships between MXC4-2-1, MXC4-6-2 and related taxa, based on 16S rRNA gene sequences.
The branching pattern was generated by the neighbor-joining method. Bootstrap percentages above 61%, based on 1,000 replications, are shown at the nodes. Bar, 1 substitution per 100 nucleotide positions. Fig. 3 . Phylogenetic relationships between the tested strains and related Bacillus species based on 16S rRNA gene sequences.
The branching pattern was generated by the neighbor-joining method. Bootstrap percentages above 59%, based on 1,000 replications, are shown at the nodes. Bar, 1 substitution per 100 nucleotide positions. trict while M. barkeri, B. niabensis, B. funiculus, B. megaterium, Px. suwonensis, C. gilardii, and R. rhodochrous strains were distributed in soils samples collected in Muang district.
